Experimental data from jet-engine tests have indicated that turbine efficiencies at takeoff can be as much as two points higher than those at cruise conditions. Recent studies have shown that Reynolds number cffects contribute to the lower efficiencies at cruise conditions. In the current study numerical simulations have been performed to study the boundary layer development in a two-stage low-pressure turbine, and to evaluate the models available for low Reynolds number flows in turbomachinery. In a previous study using the same geometry the predicted time-averaged boundary layer quantities showed excellent agreement with the experimental data, but the predicted unsteady results showed only fair agreement with the experimental data. It was surmised that the blade count approximation used in the numerical simulations generated more unsteadiness than was observed in the experiments. In this study a more accurate blade approximation has been used to model the turbine, and the method of post-processing the boundary layer information has been modified to more closely resemble the process used in the experiments. The predicted results show improved agreement with the unsteady experimental data.
• At low to moderate Reynolds numbers there is a laminar region extending some distance from the leading edge.
• • The interaction of incoming wakes with the boundary layer often creates a convected transitional or turbulent patch, which is trailed by a "calmed" region. The calmed region is a relaxation region between the patch and the laminar boundary layer. hypothesized that unsteady effects associated with modified blade counts in the numerical simulations generated more unsteadiness than was observed in the experiments. The goal of the current work has been to quantify these effects of using more accurate blade counts, and to study the effects of post-processing techniques on the predicted results.
Algorithm
In the computational procedure the flow field is • The switchover location between the inner and outer models cannot move more than a specified number of grid points between adjacent streamwise locations. This eliminates nonphysical gradients in the turbulent viscosity near separation points.
• A second derivative smoothing function is used on the turbulent viscosity field in separated flow regions. This also helps remove non-physical gradients in the turbulent viscosity in separation regions.
• A cutoff value is imposed on the turbulent viscosity (nominally 1200 times the free stream laminar viscosity).
Transition Models
The 
This model is considered valid up to turbulence levels of Tu = 10% The end of the transition region is calculated as
In the region between the start and end of transition the intermittency function, σ, is determined using the model developed by Dhawan and Narasimha 
1251,
σ = 1 -exp (-4.
Geometry and Grid
The test article used in this study has been studied extensively by Halstead et al. 16 ,11. The turbine is typical of those found in modern aircraft engines (see Fig. 1 ). The turbine design parameters are shown in Table 1 . 
Results
Two different operating points have been studied: one at takeoff conditions (Point 5A) and one at cruise conditions (Point 5D). The parameters associated with the two test conditions are outlined in Table 2 . In accordance with the experiments, the free stream turbulence level (used in the transition model) was set at Tu = 3%
Point 5A
Entropy contours are useful for tracking the convection of airfoil wakes. with the experimental data, the match is significantly closer than in the previous simulations without boundary layer clipping /20/.
At 82% of the wetted distance on the suction surface the predicted displacement thickness history from the 9-8-12-8 simulation shows much closer agreement with the experimental data than the results of the 3-3-4-3 simulation (see Fig. 11 ). In has only minimal effects on the histories in between the passings of the rotor wakes. 
